INTRODUCTION
Many people believe that they can estimate the mental characteristics of a person by looking at the shape of the eyes, mouth or ears; and furthermore a good many physicians for more than a century have believed that they could form an opinion on the ailments likely in patients with certain kinds of body build. The natural developments of these beliefs have been photographs and physical measurements.
Aims
Crime like disease has been studied in relation to physical build, but about as imperfectly. The tedium of measuring a wide enough assortment of traits to represent build and of tabulating a large enough number of individuals to provide measures of human variation for statistical study, has militated against this method of investigation in medicine. Goring published 20 years ago his monumental work on the English Convict, in which (p. 370) he concluded that "the criminal of English prisons is markedly differentiated by defective physique. as measured by stature and body weight."
Such series with the eternally changing conditions of racial stock, age and secular time rendered as constant as possible, will round out our knowledge of the behavior of human build, so that the study of physique in disease will become more fruitful.
The suggestion and opportunity of studying simultaneously a series of convicts and of insane was presented in 1927 by Dr. Herman M. Adler, then director of the Institute for Juvenile Research in Chicago. Part of the observations on psychotic patients were published in 1931,3 and more is in progress of analysis.
METHODS OF MEASUREMENT
Anthropological manuals and instruments.-Hrdli&a's were used.
Observers.-The observations could not all be made by one indidividual. At various times I had the aid of James G. Ayres, M. B. Dodds and S. 0. L. Robinson, all college graduates, whose help I wish to acknowledge gratefully. As each new worker came along measurements were made in duplicate until agreement was satisfactory.
Precision of measurements.-The importance of what is variously called the personal equation, the error in measuring, or the observational error, may be determined in two ways. Fisher prefers the standard error from the mean of two measurements made on the same subject, either by the same observer or by two different observers. Unfortunately, I have no records of such paired observations to analyze.
-Another method is to compare mean values on a series of individuals measured at one time by one or more observers, with a mean on a presumably like series at another time by a single observer. Some such records are available on the convicts. The first series was measured in 1927 by several observers, and the second series was measured in 1928 by a single observer, J. G. Ayres. The positive findings will be dischissed first, and after that the traits which were measured with essentially the same results in both series. Under the positive findings may be considered, first, the means, then the variabilities.
The means ran smaller for the absolute measurements in the series measured by the single observer for the following traits: chest transverse diameter, nose breadth, bi-acromial diameter, head height; chest index--depth over breadth AP/T, trunk index of pelvis to shoulder BC/BA; all these are essentially attributable to firmer pressure on the part of the single observer than on the part of the team who measured in the previous year. The effect of these differences on the average measurements for the whole two series of about equal size, as given in the published tables for the convicts, seems, on the whole, not to have caused a definite bias toward too high or too low values; therefore, while it would be better to have had more perfect agreement in technic, I do not feel that the pooled results are invalidated by these differences.
The variabilities, as measured by the standard deviations and the co-efficients of variation, were significantly smaller for the series measured by the one observer for the items: chest transverse diameter, nose breadth, and the index bi-zygomatic over head breadth; and were also smaller, though not mathematically so, for all the other items compared.
The traits compared but showing no significant differences, either in means or variabilities, were the following: sitting height, face length MN, relative chest depth AP/S, and the nasal index NB/NH.
The details of the differences which were statistically significant are shown in Table 1 , in which the first line was based on white con- Units of age.-Birth dates were recorded and ages calculated to the nearest year, so that 19.5 plus to 20.5 minus was called 20, and so forth; the age-group 20-30 years, more exactly 19.5 to 29.5, then had a mid-point 24.50 years.
Clothing.-None was worn; all measurements are net. Time of day.-It was impossible to do all the work at the same hour of the day; in fact the work went on through a great part of the day. With regard to weight I am not aware of any tendency for persistent bias to be introduced through relation to meals during any part of the series. With reference to stature, which shrinks about a centimeter between rising and about four 'hours later, I assume that my means were affected by the diurnal variation no differently from most heights, which ordinarily are taken at least an hour after rising and presumably approach the subject's minimum rather than maximum stature.
Time of year.-The season likewise varied through the year. Choice of measurements.-On starting an anthropological project one often wishes to consider the choice of measurements and method made by earlier students of growth and build. This topic in detail was discussed by Ayres and me in 1931,4 and the following may be added with respect to head-height.
Head-height from the earhole (OH).-The auricular head height OH throughout this paper follows that favored in recent years by the majority of anthropologists, namely the porion (highest point of the external auditory meatus) to apex (the intersection of the mid-sagittal plane of the head with a frontal plane perpendicular both to the biporion axis and the left Frankfurt Horizontal). Alternative methods have been elaborately compared in earlier papers, which satisfied us that Todd's head-spanner is much the most accurate method, and therefore it was used in nearly all our work. "For comparison with the Illinois convicts, the head-heights obtained by other writers with different instruments and landmarks have been converted to OH equivalents, on the basis of the following con-siderations. Goring 5 took "the vertical distance of the centre of the external auricular meatus below a horizontal plane tangential to the top of the head." His landmarks seem equivalent to those defined by Robinson and me, as meation (me) and tangential-vertex (TV). Now TV coincides with apex (A) in many white skulls, but in some (and particularly in negro skulls) lies about a centimeter in front or behind A; specifically, in 100 skulls (more accurately measureable than the living lead) Becker and I found that the chord TV to A averaged 8.5-±0.4 mm. behind Apex, with a maximum of 28 mm. Further we found 8 that TV lay skyward of A by an average of 0.92-.059 mm. (TV-A) .
Furthermore the radius from the porion-axis to TV (Po-TV) averaged 1.14±.09 mm. larger than the standard OH (porion-axis to Apex), a statistically significant divergence; or when the radius from porion-axis to bregma (Po-Bg) was examined, it was less than OH (=Po-A) by an average of 0.90-t.08 mm.
Since the kind of cephalometer used by Goring does not strictly tell whether his upper landmark was bregma (which we found anterior to apex by 20.8 mm.±.5), or TV (behind A by 8.5 mm.±O.4) we shall for the present purposes assume that such of his heights as happened to approximate bregma (probably smaller than our apex height by about 0.9 mm. 9 ) occurred in equal numbers and therefore balanced such of -his heights as happened to approximate TV (probably larger than our apex height by 1.1 mm.), and accordingly that any error caused by his upper landmark is negligible. Important however is his lower landmark, centre of meatus (meation=me) which Dodds and 110 found to lie approximately three millimeters lower than porion. Goring's head-heights have consequently been here decreased to OH equivalents by subtracting 3 mm.
Insufficient upward traction deserves special emphasis. It has been, even with Todd's head-spanner, the main difficulty in technique for the beginner. Not only that, but after long experience it remains a slip easy to make. Conviction has grown increasingly keen as, in the course of measuring over 6000 persons (2872 boys, 1234 incessant vigilance yield head-heights which are falsely large. The reason is that the thickness of covering of the roof of the external auditory meatus is variable, as is the upward movement of the external ear, as reviewed by Dodds and one in 1928.1 Firm, gentle, gradual continued traction must scrupulously be applied until the cartilaginous opening be displaced upward and the soft tissues compressed as much as the patient will permit, in order that the ear-tip may rest as close as possible to the bony roof. Anxiety as to shortcoming in this regard must necessarily arise when OH values are reported above 130, and reassurance is wanted for values above 134.
STATISTICAL METHODS
The simpler of the conventional biometric methods, which were detailed in our book on Growth in Private School Children, may be summarized.
Statistical arithmetic.-For those rusty in these matters it may be convenient to give brief definitions of the so-called statistical constants.
N=the number of observations in a given group. This constant is useful to evaluate the reliability of the results.
f=number of observations in a sub-group or class. M=the arithmetic mean. This constant tells us the average size for any trait such as stature.
SD or a=the standard deviation or sigma. This constant tells us how much the individuals in the distribution vary around the mean. Two groups may have the same average but one may be much more variable than the other. The range, so often used in the past, is frowned on by statisticians, because rare outlying values receive undue attention. The SD is calculated by noting the deviation of the measurement (e. g., of stature) of person number one, number two, and so on, from the average, then squaring each deviation, adding these squares, dividing by the number of measurements N, and extracting the square root of the quotient. It is therefore called the root-meansquare-deviation, and is preferred by statisticians to the average deviation obtained -by the simpler method of directly adding and averaging the deviations, without squares and square roots. Now the SD states the variation in absolute units such as millimeters; and since a variation of say 50 mm. is much more significant if the average happens to be 500 mm. than if the average be 1000 mm., the SD is usually more comprehensible when transmuted into a percentage, on dividing it by the mean M.
CV or V=then the coefficient of variation, that is, the percentage or relative variation 100 SD/M. PE or E=the probable error. This term is generally agreed to be unsatisfactory but hallowed by use. It is calculated for each of the three constants M, SD and CV, by multiplying 0.6745 times the standard error for that constant. These three standard errors are all derived from the SD by the use of formulae found in sundry manuals, most easily in Pearson's Tables for Statisticians. In publication it is usually desirable to follow each constant by a plus-minus sign -, followed in turn by the PE of that constant; a few authorities, notably Boas, use _ SD.
The probable error does not refer to possible inaccuracies of measurements because these are assumed to have been reduced to a minimum and to have been kept free from bias .by care in the anthropological technique. The term does refer to probable errors of random sampling, that is to say the variations (due to unknown causes) between the constants for successive samples (groups of persons) taken at random (without selection). The PE therefore is a measure of the reliability of results. Its commonest use in medicine is to enable one to judge whether the difference found between two averages (or other parameters), a difference which to ordinary inspection appears of doubtful significance, be according to the experiences of probability (the laws of chance) statistically significant. The judgment is based on the critical ratio, obtained by dividing the difference by the PE of that difference. If this ratio is 3 or more, that is if the difference is three times its PE, it is customary to call the difference statistically significant. When one wishes a more refined judgment, one can look up the quotient in a table of the normal curve and read off the exact probability as so many per hundred or per thousand.
PE (M,-M 2 ) = the probable error of the difference between two averages. It is usually derived from the following formula, letting PE 1 be the PE of the one mean and PE 2 be the PE of the second mean: \/(PE 1 ) 2 ± (PE) 2 . If there were a relationship between the observations composing a first mean and those composing a second, e. g., brothers and sisters respectively, one should use the somewhat more complex formula recommended by Yule chap. XIII, section 13, case II (5).
TABLES OF CONSTANTS
The raw original measurements and even the frequency distributions cannot here be published owing to lack of space. The reduced data -will be presented in tables of constants grouped ly age. Afterwar&more interesting comparisons will be shown. A syniopsis of these basal~tables follows:
GROUP AGE -For each pair of successive decades, and also for each pair of successive 20 years lots, and for each of the 42 characters, the critical ratio was computed, to wit, the difference between two means divided by its probable error. Following the common practice of assuming any ratio of 3 or more (odds 22 to 1) to be significant, the material showed a considerable number of age-important items (details in the following table) ; or if one should be satisfied with a ratio of say 2.5 (odds 10 to 1) a good many more traits would have required notice. The briefer table is enough to prove the point.
Graphic Differences.-Furthermore, the statistically significant di fferences do not give a complete picture by any means. The reason is that many another difference between a pair of age groups, while too small to be mathematically significant by itself, becomes nevertheless clearly of moment when considered together with the differences between other pairs of age-groups. As examples of these trends of change in age-important traits, weight increased markedly with age while height decreased amazingly. These alterations parallel two controls: U. S. Army officers and English convicts, but on the whole emphasize age more vigorously. See Diagrams 1 and 2.
SUMMARY
Of recent years the ancient study of body-build in relation to disease, psychosis or anti-social behavior, has made real progress. This has been due in part to completer measuring (not merely heights and weights) and in greater part to stricter selection of groups on the basis of homogeneity.
The present series consisted of 587 white male convicts at Joliet, Illinois, between the ages of 20 and 80, measured in 1927-1929. The observations were reduced to the statistical constants: means, variabilities, and probable errors. The tables of these constants are put on record for future comparison, not alone with criminals who may be studied, but as controls (not perfect, but I believe the best available) for patients with diseases affecting body-build. The effect of age even in adults is demonstrated by two diagrams and a table of statistical critical ratios. In many traits the agechanges are so definite as to support strongly the contention of the Pearsonian school regarding the need of considering adults in separate age-groups.
Biological meaning. When considering an age trend found in the averages for any characteristic, it is important to remember that the phenomenon may not be a physiological alteration incident to increasing age, but may be secondary to selective mortality. For instance, the shrinkage in stature may be due in part to senile thinning of the intervertebral discs and relaxed posture, or in part to greater mortality among those who are tall.
For aid with the measurements I am indebted to James G. Ayres, for the drawings to Harold T. Castberg, and for many of the computations to Frederick E. Hellbaum, Glenroy N. Pierce, Donald R. Pratt and Y. D. Wing.
